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(54) Multicarrier radio communication system 

(57) The present invention makes it possible to 
transmit data while reducing the influence of fading 
caused on a transmission path. When communication 
data is transmitted (7) by using a plurality of subcarriers 
arranged with a predetermined bandwidth, a data block 
consisting of a plurality of subcarriers arranged in rows 
in a time axis direction is used as a data unit. By imple- 
menting both a differential modulation process based 



on each phase difference in the frequency axis direction 
between a plurality of subcarriers and a differential 
modulation process (21) based on each phase differ- 
ence in the time axis direction between a plurality of 
subcarriers, a transmission signal with symbol data 
superposed on each phase difference between a plural- 
ity of subcarriers is generated and output. 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 5 

[0001] This invention relates to data communication 
methods, transmitters, and cellular radio communica- 
tion systems, and more particularly, is suitable for use in 
a radio communication system such as a portable tele- 10 
phone system. 

DESCRIPTION OF THE RELATED ART 

[0002] In this kind of radio communication system, an 75 
area providing communication services is segmented 
into cells with a predetermined size. Base stations as 
stationary radio stations are deployed within the cells, 
respectively. A portable telephone as a mobile radio sta- 
tion can communicate with the base station within the 20 
cell where the portable telephone exists. Thus, a so- 
called cellular system is constructed. For the cellular 
system, various systems have been proposed as the 
communication system between a portable telephone 
and a base station. As the representative one, there is a 25 
time division multiple access (TDMA) system. 
[0003] In this TDMA system, as shown in Figs. 1 A and 
1 B, a predetermined frequency channel is segmented 
temporally into frames (F0, F1 , ...) each having a prede- 
termined time interval. Each frame is further divided into 30 
time slots TS0 to TS3, each time slot has a predeter- 
mined time interval. At the timing of time slot TS0 allo- 
cated to a user, the user uses the time slot to transmit a 
transmission signal. This system realizes a plurality of 
communications (so-called multiplex communication) 35 
by the same frequency channel and therefore utilizes 
frequency efficiently. Note that in the following descrip- 
tion, time slot TS0 allocated for transmission is called 
transmission slot TX, while a block of data (i.e., data 
unit) that is sent with one transmission slot TX is called <o 
a slot. 

[0004] Here, the transmitter and receiver of a radio 
communication system to transmit and receive data by 
taking an advantage of this TDMA system will be 
described with Figs. 2 and 3. Incidentally, the transmitter 45 
and receiver shown in Figs. 2 and 3 are mounted, for 
example, in the portable telephone and base station of 
a portable telephone system, respectively. The transmit- 
ter and the receiver are used in the Communication 
from a portable telephone to a base station (so-called so 
uplink communication) and the communication from a 
base station to a portable telephone (so-called downlink 
communication). 

[0005] As shown in Fig. 2. the transmitter 1 is roughly 
constituted by a convolution coding circuit 2, an inter- 55 
leave buffer 3, a segmenting circuit 4, a modulation cir- 
cuit 5, a pilot symbol adding circuit 6, a transmitting 
circuit 7, and an antenna 8. A data bit series S1 (trans- 



mission data) is first input to the convolution coding cir- 
cuit 2. 

[0006] The convolution coding circuit 2 consists of a 
predetermined stage-number of shift registers and 
exclusive OR circuits. The convolution coding circuit 2 
performs convolution coding on the input data bit series 
S1 and then outputs the resulting coded bit series S2 to 
the interleave buffer 3. The interleave buffer 3 stores the 
coded bit series S2 in its internal storage region in 
order. If the coded bit series S2 is stored in the entire 
storage region (i.e., if the coded bit series S2 is accumu- 
lated by a desired amount), then the order of the coded 
bit series S2 will be randomly rearranged (rearranging 
this order will hereinafter be referred to as interleaving). 
The resulting coded bit series S3 is output to the seg- 
menting circuit 4. Incidentally, the interleave buffer 3 has 
a storage capacity equivalent to a plurality of slots so 
that the coded bit series S3 is dispersed to a plurality of 
transmission slots TX. 

[0007] The segmenting circuit 4 segments the coded 
bit series S3 at intervals of a predetermined number of 
bits in order to allocate the coded bit series S3 to trans- 
mission slots TX. The resulting coded bit group S4 is 
output to the modulation circuit 5 in order. The modula- 
tion circuit 5 performs a predetermined modulation 
process (e.g., a modulation process in a synchronous 
detection system such as QPSK modulation) on the 
supplied coded bit group S4 and then outputs the result- 
ing data symbol group S5 to the pilot symbol adding cir- 
cuit 6. 

[0008] As shown in Fig. 4, the pilot symbol adding cir- 
cuit 6 adds pilot symbols P as a header at the head of 
each symbol group (i.e., the head of data symbol I) of 
the data symbol group S5 segmented according to the 
transmission slots TX, and then outputs the resulting 
transmission group S6 to the transmitting circuit 7. Inci- 
dentally, the pilot symbols P added here are a known 
symbol pattern that has previously been known at the 
receiver side, and at the receiver side, these pilot sym- 
bols P are employed to estimate the characteristics of 
the transmission path (e.g.. fading, etc.). 
[0009] The transmitting circuit 7 performs a filtering 
process on the transmission symbol group S6 added 
with these pilot symbols P in sequence and then per- 
forms a digital-to-analog conversion process on the 
transmission symbol group S6 to generate a transmis- 
sion signal. And the transmitting circuit 7 performs a fre- 
quency transformation on the transmission signal, 
thereby generating a transmission signal S7 having a 
predetermined frequency channel. After this signal has 
been amplified to a predetermined electric power, it is 
transmitted through the antenna 8. In this manner, the 
transmission signal S7 is transmitted from the transmit- 
ter 1 in synchronization with the timing of the transmis- 
sion slots TX. 

[0010] On the other hand, as shown in Fig. 3. the 
receiver 10 is roughly constituted by an antenna 11, a 
receiving circuit 12, a transmission path estimating cir- 



2 



3 



EP 0 913 972 A2 



4 



cuit 13, a demodulation circuit 14, a slot coupling circuit 
15, a deinterleave buffer 16, and a Viterbi decoding cir- 
cuit 17. The transmission signal S7 transmitted from the 
transmitter 1 is received by the antenna 11, and this is 
input to the receiving circuit 1 2 as a received signal Si 1 . 5 
[0011] The receiving circuit 12 amplifies the input 
received signal S11 and then performs a frequency 
transformation on the received signal S11, thereby tak- 
ing out a base band signal. The receiving circuit 12 per- 
forms a filtering process on the base band signal and 10 
then performs an analog-to-digital conversion process 
on the base band signal, thereby taking out a received 
symbol group S12 corresponding to the transmission 
symbol group S6. The received symbol group S12 is 
output to the transmission path estimating circuit 13. 75 
[0012] The transmission path estimating circuit 13 is 
one which investigates the characteristic of the trans- 
mission path and also performs an equivalent process 
according to the result of investigation. The transmis- 
sion path estimating circuit 1 3 estimates the character- 20 
istic of the transmission path by making a reference to 
the pilot symbols P included in the received symbol 
group S12, and computes the inverted characteristic of 
the transmission path, based on the result of estimation. 
And the transmission path estimating circuit 1 3 convolu- 25 
tion-multiples a numerical value, which indicates the 
inverted characteristic of the transmission path, and 
each data symbol portion of the received symbol group 
S12, by using an equalizing circuit consisting of an 
equalizer. With this multiplication, the influence of fading 30 
caused on the transmission path is removed. With this 
process, the transmission path estimating circuit 13 
restores the transmitted data symbol group S5 and out- 
puts this to the modulation circuit 14 as a received data 
symbol group S13. 35 
[0013] The modulation circuit 14 performs a predeter- 
mined modulation process on the received data symbol 
group S13, thereby restoring the coded bit group S14 
corresponding to the coded bit group S4 on the trans- 
mitter side. The coded bit group Si 4 is output to the slot 40 
coupling circuit 15. Incidentally, each bit in the coded bit 
group S14 is not a binary signal such as a logic 0 or a 
logic 1 but has become a multi-level signal because of a 
noise component added on the transmission path. 
[0014] The slot coupling circuit 15 is one which cou- 45 
pies the group S14 of separate coded bits obtained in a 
slot unit so that they become a series signal. If the 
coded bit group S14 is accumulated by an amount cor- 
responding to the storage capacity of the deinterleave 
buffer 16 of the latter stage, then the coded bit group so 
S14 will be coupled together. The resulting code bit 
series S15 is output to the deinterleave buffer 16. 
[0015] The deinterleave buffer 16 has a storage 
capacity equivalent to a plurality of slots. The deinter- 
leave buffer 16 stores the supplied coded bit series S15 55 
in its internal storage region in series and then rear- 
range the order of the coded bit series S15 in the order 
opposite the rearrangement made by the interleave 



buffer 3 of the transmitter 1, thereby returning the 
arrangement to the original order (such returning to the 
original order will hereinafter be referred to as deinter- 
leaving). The resulting coded bit series Si 6 is output to 
the Viterbi decoding circuit 1 7. 

[0016] The Viterbi decoding circuit 17 consists of a 
soft judgment Viterbi decoding circuit, and estimates a 
maximum likelihood state from among all state transi- 
tions that can be obtained as data (maximum likelihood 
estimation), by using the trellis diagram of the convolu- 
tion codes based on the input coded bit series Si 6. 
With this estimation, the transmitted data bit series S18 
is restored and output. 

[0017] Incidentally, in radio communication systems 
with such constitution, in the case where the transmis- 
sion signal S7, for example, is transmitted through a sin- 
gle frequency channel by the transmitter 1 and where 
the transmission signal S7 and waveforms delayed due 
to the multipath are simultaneously received by the 
receiver, the waveforms with time delay will overlap with 
the transmission signal S7, and consequently, fre- 
quency-selective fading will take place. Since this over- 
lapped portion causes intersymbol interference, data 
cannot be accurately restored. 

[0018] Hence, the receiver 10 takes an advantage of 
the fact that the symbols within each slot are temporally 
arranged and transmitted, and performs a convolution 
multiplication process on the time domain by an equal- 
izing circuit consisting of an equalizer so that the influ- 
ence of frequency-selective fading is removed. For this 
reason, there is a problem that the constitution of the 
receiver becomes complicated. 

SUMMARY OF THE INVENTION 

[001 9] In view of the foregoing, an object of this inven- 
tion is to provide a data communication method, a trans- 
mitter, and a cellular radio communication system which 
are capable of transmitting data while reducing the influ- 
ence of fading caused on the transmission path. 
[0020] The foregoing object and other objects of the 
invention have been achieved by the provision of a data 
transmitting method which transmits communication 
data by using a plurality of subcarriers arranged within a 
predetermined frequency width. In the data transmitting 
method, a data block consisting of the plurality of sub- 
carriers arranged in rows in a time axis direction is used 
as a data unit when the communication data is transmit- 
ted, and both a differential modulation process based 
on each phase difference in a frequency axis direction 
between the plurality of subcarriers and a differential 
modulation process based on each phase difference in 
the time axis direction between the plurality of subcarri- 
ers are implemented, whereby a transmission signal 
that symbol data of the communication data are super- 
posed on each phase difference between the plurality of 
subcarriers is generated and output. 
[0021] Further, according to this invention, in a data 
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receiving method which receives communication data 
transmitted by using a plurality ol subcarriers arranged 
within a predetermined frequency width, a data block 
consisting of Ihe plurality of subcarriers arranged in 
rows in a time axis direction is used as a data unit when 5 
the communication data is transmitted, and both a dif- 
ferential modulation process based on each phase dif- 
ference in a frequency axis direction between the 
plurality of subcarriers and a differential modulation 
process based on each phase difference in the time w 
axis direction between the plurality of subcarriers are 
implemented, whereby a transmission signal that sym- 
bol data of the communication data are superposed on 
each phase difference between the plurality of subcarri- 
ers is received. Differential demodulation processes 75 
based on each phase difference in the frequency axis 
and time axis directions are implemented on the 
received signal, whereby the symbol data superposed 
on each phase difference between the plurality of sub- 
carriers are demodulated and the communication data 20 
are restored. 

[0022] Further, according to this invention, in a data 
transmitter which transmits communication data by 
using a plurality of subcarriers arranged within a prede- 
termined frequency width, modulating means, which 25 
uses a data block consisting of a plurality of subcarriers 
arranged in rows in a time axis direction as a data unit 
when the communication data is transmitted, for imple- 
menting both a differential modulation process based 
on each phase difference in a frequency axis direction 30 
between the plurality of subcarriers and a differential 
modulation process based on each phase difference in 
the time axis direction between the plurality of subcarri- 
ers, whereby a transmission signal that symbol data of 
the communication data are superposed on each phase 35 
difference between the plurality of subcarriers is gener- 
ated, transmitting means for transmitting the transmis- 
sion signal through a predetermined frequency channel. 
[0023] Further, according to this invention, in a data 
receiver which receives communication data transmit- 40 
ted by using a plurality of subcarriers arranged within a 
predetermined frequency width, receiving means, which 
uses a data block consisting of the plurality of subcarri- 
ers arranged in rows in a time axis direction as a data 
unit when the communication data is transmitted, for 45 
implementing both a differential modulation process 
based on each phase difference in a frequency axis 
direction between the plurality of subcarriers and a dif- 
ferential modulation process based on each phase dif- 
ference in the time axis direction between the plurality of so 
subcarriers, whereby a transmission signal that symbol 
data of the communication data are superposed on 
each phase difference between the plurality of subcarri- 
ers is received, demodulating means for implementing 
differential demodulation processes based on each 55 
phase difference in the frequency axis and time axis 
directions on the received signal received by the receiv- 
ing means, whereby the symbol data superposed on 
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each phase difference between the plurality of subcarri- 
ers are demodulated and the communication data is 
restored. 

[0024] Furthermore, in a cellular radio communication 
system, a predetermined area is segmented into cells 
with a predetermined size, then a base station is 
deployed in each of the cells, and a mobile station com- 
municates communication data with the base station 
where that mobile station exists. At the mobile station, a 
data block consisting of a plurality of subcarriers 
arranged in rows in a time axis direction is used as a 
data unit when the communication data is transmitted, 
and both a differential modulation process based on 
each phase difference in the frequency axis direction 
between the plurality of subcarriers and a differential 
modulation process based on each phase difference in 
the time axis direction between the plurality of subcarri- 
ers are implemented, whereby a transmission signal 
that symbol data of the communication data are super- 
posed on each phase difference between the plurality of 
subcarriers is generated and output. At the base station, 
the transmission signal is received, and differential 
demodulation processes in the frequency axis and time 
axis directions are implemented on the received signal, 
whereby the symbol data superposed on each phase 
difference between the plurality of subcarriers are 
demodulated and the communication data is restored. 
[0025] The nature, principle and utility of the invention 
will become more apparent from the following detailed 
description when read in conjunction with the accompa- 
nying drawings in which like parts are designated by like 
reference numerals or characters. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] In the accompanying drawings: 

Figs. 1 A and 1 B are diagrams showing the principle 
of a conventional TDMA system; 
Fig. 2 is a block diagram showing the constitution of 
a conventional transmitter; 

Fig. 3 is a block diagram showing the constitution of 
a conventional receiver; 

Fig. 4 is a diagram showing the arrangement of 
conventional pilot symbols; 

Fig. 5 is a diagram showing the constitution of a 
carrier according to an embodiment of the present 
invention; 

Fig. 6 is a diagram showing the constitution of a 
data block which is the data unit of communication 
data; 

Fig. 7 is a diagram showing a modulation patterning 
method; 

Fig. 8 is a block diagram showing the constitution of 
a transmitter; 

Fig. 9 is a block diagram showing the constitution of 

a DQPSK modulation circuit; 

Fig. 10 is a block diagram showing the constitution 
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of a receiver; 

Fig. 1 1 is a block diagram showing the constitution 
of a DQPSK demodulation circuit; and 
Fig. 12 is a diagram showing a modulation pattern 
according to another embodiment. 

DETAILED DESCRIPTION OF THE EMBODIMENT 

[0027] Preferred embodiments of this invention will be 
described with reference to the accompanying draw- 
ings: 

(1) Principle 

[0028] In this embodiment, the basic principle of the 
data communication method in the portable telephone 
system of the present invention will first be described. In 
the present invention, transmission symbols, generated 
by coding a data bit series to be transmitted, are simul- 
taneously transmitted by using a plurality of subcarriers. 
That is, communication is performed by using a multi- 
carrier communication method. 

[0029] Specifically, in the multicarrier communication 
method shown in Fig. 5, a single frequency channel is 
constituted, for example, by 24 subcarriers CO to C23 
arranged at regular intervals with a predetermined 
bandwidth on a frequency axis. Symbol data are super- 
posed on the phase differences between 22 subcarriers 
C1 to C22 excluding the subcarriers CO and C23 
present as guard carriers on both ends of these 24 sub- 
carrjers CO to C23, and transmitted. 
[0030] In such a multicarrier communication method, 
in the case where one frame of voice data, for example, 
is transmitted, the transmitting side can transmit trans- 
mission symbols consisting of a coded data bit series 
simultaneously and in parallel by using a plurality of 
subcarriers CO to C23. Therefore, there is no need to 
transmit one bit of data at high speed as in a TDMA sys- 
tem which transmits data by one carrier. Along with 
each subcarrier, symbol data can be transmitted at low 
speed (e.g., 200 \i sec), so it becomes possible to nar- 
row the bandwidth during transmission. 
[0031 ] With this, even in the case where waveforms 
delayed by the multipath are received after the transmis- 
sion signal transmitted from the transmitter side has 
been received directly, the receiving side is not influ- 
enced by the delayed waveforms as the delay time 
becomes shorter and shorter compared with 200 p sec 
of the transmission time, and consequently, intersymbol 
interference in the time axis direction can be prevented. 
[0032] That is, compared with the TDMA system, the 
multicarrier communication method has the characteris- 
tic that the degree that it will undergo the influence of 
frequency-selective fading caused by delayed wave- 
forms is low. In the present invention, a data bit series 
with a large amount of data, such as image data during 
data transmission, is converted to symbols and trans- 
mitted by the multicarrier communication method having 



such a characteristic. 

[0033] As shown in Fig. 6, in the data communication 
system of the present invention, in order to transmit a 
data bit series with a large amount of data such as 

5 image data, in actual fact a total of 192 subcarriers 
arranged in the frequency axis direction (hereinafter 
referred to as one band slot unit) are arranged in four 
rows in the time axis direction (these four rows will here- 
inafter be referred to as the first through the fourth time 

io slot units), and these 192 x 4 subcarriers constitute a 
data block which is used as a data unit. Symbol data are 
superposed on the phase differences between the sub- 
carriers in this data block. 

[0034] In this case, the minimum unit constituting the 
75 data block is one slot consisting of twenty-four subcarri- 
ers arranged in the frequency axis direction, and one 
band slot unit is formed from eight slots. That is, since 
four time slot units are transmitted as a data block in the 
time axis direction, the entire data block is constituted 

20 by thirty-two slots (8 slots x 4 time slot units). Note that 
when ordinary voice data are transmitted, the amount of 
data is small compared with image data and therefore 
multicarrier communication is performed in the unit of 
one slot which is the minimum unit of the data block. 

25 [0035] Since the bandwidth between the subcarriers 
is 5 KHz, the bandwidth of the entire data block is 960 
KHz. Therefore, if it is assumed that the bandwidth of 
the entire system is 30 MH2, the number of lines that 
can be simultaneously provided with users will be about 

30 31 lines. Note that the transmission time in one time slot 
unit is 200 u sec. 

[0036] Next, for the modulation method which super- 
poses symbol data on each subcarrier of this data 
block, a description thereof will be made with Fig. 7. In 

35 the modulation method in this case, the leftmost subcar- 
rier CO of 192 subcarriers CO to C191 in the first time 
slot unit is first employed as a reference carrier, and 
based on the phase difference between the subcarrier 
CO and the subcarrier Cl adjacent right, symbol data 

40 are modulated. That is, a so-called differential modula- 
tion process in the frequency axis direction (lateral 
direction) is performed. 

[0037] In this differential modulation process in the fre- 
quency axis direction, because of the frequency-selec- 
ts tive fading that will arise when a delayed waveform with 
extremely long delay time caused by the multipath 
reaches the receiver side, phase rotation will occur dif- 
ferently for each subcarrier. Due to this, data degrada- 
tion will arise; however, this modulation process is 
so independent of the time axis direction and therefore has 
a characteristic which is robust to flat fading and fre- 
quency-selective fading that will occur due to variations 
in the time direction during high-speed movement. 
[0038] Successively, in the modulation method of the 
55 present invention, symbol data are modulated based on 
the phase difference between adjacent subcarriers in 
the time axis direction (lateral direction) of 192 subcarri- 
ers C192 to C384 in the second time slot unit and 192 
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subcarriers CO to C191 in the first time slot unit. That is, 
a so-called differential modulation process in the time 
axis direction is performed. 

[0039] Likewise, for the third time slot unit and the four 
time slot unit, symbol data are modulated based on the 
phase difference between adjacent subcarriers in the 
time axis direction. This differential modulation process 
in the time axis direction is weak to the flat fading and 
frequency-selective fading which will occur due to time 
variations during high-speed movement, so data degra- 
dation will arise. However, since this process is a differ- 
ential modulation in the time axis direction, data 
degradation will not occur when the moving speed is 
lower than the transmission time for one time slot unit or 
in the communication environment where there is no 
movement. In addition, the differential modulation proc- 
ess in the time axis direction is independent of the fre- 
quency axis direction and therefore has a characteristic 
that is robust to the flat fading and frequency-selective 
fading caused by delayed waveforms. 
[0040] Therefore, in the communication environment 
where extremely high-speed movement is not per- 
formed, only the differential modulation process in the 
time axis direction may be performed on the entire data 
block. Also, in the communication environment where 
no delayed waveforms will occur, only the differential 
modulation process in the frequency axis direction may 
be performed on the entire data block. However, in the 
actual radio communication environment, the communi- 
cation environment will usually change due to various 
factors, thus the aforementioned environments will not 
actually exist. 

[0041] Therefore, in the communication system of the 
present invention, both the differential modulation proc- 
ess in the frequency axis direction and the differential 
modulation process in the time axis direction are per- 
formed at a ratio according to the communication envi- 
ronment where the portable telephone of the cellular 
system is used. With this, in the state in which data deg- 
radation arising on the transmission path has been 
reduced, transmission is performed. At the receiving 
side, as with the transmitting side, the differential modu- 
lation processes in the frequency axis and time axis 
directions are performed. With this, since the data deg- 
radation caused by the fading on the transmission path 
is reduced, data can be restored more accurately. 
[0042] That is, in the communication system of the 
present invention, the ratio that the differential modula- 
tion process in the frequency axis direction is performed 
is increased in the communication environment where 
high-speed movement is primarily performed, and the 
ratio is increased in the communication environment 
where the influence of the frequency-selective fading 
caused by waveforms delayed by reflections from build- 
ings or mountains is large (modulation pattern shown in 
Fig. 7). Therefore, in the state in which data degradation 
during transmission has been minimized according to 
communication environment, transmission can been 



performed. 

[0043] Also, in the modulation pattern shown in Fig. 7, 
the differential modulation process in the frequency axis 
direction is performed when the first time slot unit is 

5 processed, while the differential modulation process in 
the time axis direction is performed when the second 
time slot unit and the time slot unit thereafter are proc- 
essed. With this, the number of reference carriers can 
be reduced only to a single subcarrier CO. Therefore. 

10 since the wasteful reference carrier having no meaning 
as symbol data can be constituted by a single subcarrier 
CO, it becomes possible to enhance transmission effi- 
ciency in transmitting a data bit series which has a large 
amount of data. 

75 [0044] From such a point of view, a description will 
hereinafter be made with reference to the case where, 
in the communication system of the present invention, 
the differential modulation process in the frequency axis 
direction is performed on the first time slot unit and also 

20 the differential modulation process in the time axis 
direction is performed when the second time slot unit 
and the time slot unit thereafter are processed. 

(2) Constitution of a Transmitter 

25 

[0045] In Fig. 8 in which the same reference numerals 
are applied to parts corresponding to Fig. 3, reference 
numeral 20 generally denotes a transmitter, which per- 
forms a differential modulation process by the above- 
so mentioned system. Data bit series S20 is first input to a 
convolution coding circuit 2. 

[0046] The convolution coding circuit 2 consists of a 
predetermined stage-number of shift registers and 
exclusive OR circuits. The convolution coding circuit 2 
35 performs convolution coding on the input data bit series 
S20 and outputs the resulting coded bit series S21 to an 
interleave buffer 3. 

[0047] The interleave butter 3 stores the coded bit 
series S21 in its internal storage region in sequence. If 

40 the coded bit series S21 is stored in the entire storage 
region (i.e., if the coded bit series S21 is accumulated a 
desired amount), then the coded bit series S21 will be 
interleaved. The resulting coded bit series S22 is output 
to a segmenting circuit 4. Incidentally, the interleave 

45 buffer 3 has a storage capacity equivalent to a plurality 
of slots so that the coded bit series S21 is dispersed to 
a plurality of transmission slots TX. 
[0048] The segmenting circuit 4 segments the coded 
bit series S22 every a predetermined number bits to 

so allocate the coded bit series S22 to transmission slots 
TX. The resulting coded bit group S23 is output to a 
DQPSK modulation circuit 21 in sequence. Here, the 
coded bit group S23 allocated to the transmission slots 
TX is equivalent to the data amount that is transmitted 

55 by one data block. 

[0049] The DOPSK modulation circuit 21 performs a 
DQPSK modulation process on the coded bit group S23 
in accordance with a predetermined ratio at which the 
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differential modulation processes in the frequency axis 
and time axis directions are performed and with a pre- 
determined modulation pattern, thereby generating a 
transmission signal in which symbol data are repre- 
sented by phase values. The predetermined ratio and 
modulation pattern are previously determined by a con- 
trol section (not shown) . The DQPSK modulation circuit 
21 performs a rc/4 shift DQPSK modulation process (in 
which the maximum phase change is suppressed to 
±37i/4 by shifting the phase change in the previous sym- 
bol by 7c/4). 

[0050] That is, the DQPSK modulation circuit 21 per- 
forms the differential modulation process in the fre- 
quency axis direction on the coded bit group S23, 
because symbol data are allocated to the phase differ- 
ences between the subcarriers CO to C1 91 in the first 
time slot unit in the data block. The DQPSK modulation 
circuit 21 also performs the differential modulation proc- 
ess in the time axis direction on the coded bit group 
S23, because symbol data are allocated to the phase 
differences between the subcarriers in the second time 
slot unit and the time slot units thereafter. The resulting 
data symbol group S24 is output to an inverse fast Fou- 
rier transformation (IFFT) circuit 22. 
[0051] Here, the circuit constitution ol the DQPSK 
modulation circuit 21 will be described with Fig. 9. The 
DQPSK modulation circuit 21 is constituted by a QPSK 
modulation circuit 25 and a differential modulation cir- 
cuit 26. The QPSK modulation circuit 25 performs a 
QPSK modulation process on the code bit group S23 in 
sequence, thereby generating a transmission symbol 
stream D25 in which 2-bit data are mapped on a sym- 
bol. This stream is output to the multiplier 27 of the dif- 
ferential modulation circuit 26. 

[0052] The differential modulation circuit 26 inputs the 
transmission symbol prior to one symbol, obtained from 
the transmission symbol stream D25 through a delay 
circuit 28, to the multiplier 27 through a switch circuit 30 
which is switched by a controller 29. The transmission 
symbol prior to one symbol and the currently input 
transmission symbol are multiplied by the multiplier 27. 
With this, the differential modulation circuit 26 performs 
differential modulation on symbol data, based on the 
phase difference between the currently input transmis- 
sion symbol and the transmission symbol prior to one 
symbol. This modulation process is reiterated for each 
of the 192 transmission symbols to generate symbol 
data group S24. The symbol data groups S24 are out- 
put to the IFFT circuit 22. 

[0053] Also, the differential modulation circuit 26 
inputs the 192 transmission symbols in the first time slot 
unit stored in the buffer 31 to the multiplier 27 one by 
one through the switch circuit 30, and multiplies the 192 
transmission symbols in the first time slot unit and the 
currently input 192 transmission symbols in the second 
time slot unit, thereby performing the differential modu- 
lation process in the time axis direction. The resulting 
symbol data group S24 is output to the IFFT circuit 22. 



Furthermore, the differential modulation circuit 26 per- 
forms the differential modulation process in the time 
axis direction on the third time slot unit and the time slot 
unit thereafter in a similar manner. The resulting symbol 

5 data group S24 is output to the IFFT circuit 22. 

[0054] The IFFT circuit 22 performs an inverse fast 
Fourier process when all symbol data in the first time 
slot unit in the data symbol group S24 are input, thereby 
superposing the symbol data on each phase difference 

io between the subcarriers CO to C191 . Likewise, the IFFT 
circuit 22 performs an inverse fast Fourier process when 
192 symbol data in the second time slot unit or the time 
slot units thereafter are input, thereby superposing the 
symbol data of the data symbol group S24 on each 

is phase difference between the subcarriers adjacent to 
each other in the time axis direction. 
[0055] The IFFT circuit 22 also performs a window 
process on the transmission signal S25 generated by 
performing the inverse Fourier transformation process. 

20 With this, an unnecessary spurious output is sup- 
pressed. Note that the window process can be realized 
by passing the transmission signal S25 through a 
cosine roll-off filter in the time axis direction. The trans- 
mission signal S25, generated by the IFFT circuit 22, is 

25 input to a random phase shift circuit 23. 

[0056] The random phase shift circuit 23 adds random 
phase values to the phases of a plurality of subcarriers 
forming the transmission signal S25, thereby making 
the phases of the plurality of subcarriers random. The 
30 random phase values are generated by a predeter- 
mined rule with an initial phase value as reference. The 
resulting transmission signal S26 is output to a subse- 
quent transmitting circuit 7. 

[0057] The transmitting circuit 7 first performs a f titer- 
35 ing process on the transmission signal S26, then per- 
forms a digital-analog conversion process on the 
transmission signal S26, and performs a frequency 
transformation process. As a result, a transmission sig- 
nal S27 with a predetermined frequency channel is gen- 
40 erated. After this generated signal has been amplified to 
a predetermined electric power, the amplified signal is 
transmitted through an antenna 8. Note that the trans- 
mitting circuit 7 performs a so-called frequency hopping 
(FH) process in which the frequency channel to be used 
45 for each data block is randomly changed based on a 
predetermined hopping pattern. With this process, the 
influence of an interference waveform caused by other 
communications is reduced. 

[0058] Thus, in the transmitter 20, by performing the 
so DQPSK modulation processes in the frequency axis 
and time axis directions on the coded bit group S23 at a 
predetermined ratio and then performing an inverse fast 
Fourier transformation process, symbol data are super- 
posed on the phase differences between a plurality of 
55 subcarriers. After a predetermined transmission proc- 
ess has been performed, the processed symbol data 
are transmitted as a transmission signal S27. 
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(3) Constitution of a Receiver 

[0059] On the other hand, in Fig. 1 0 in which the same 
relerence numerals are applied to parts corresponding 
to Fig. 3, reference numeral 40 generally denotes a 
receiver. The receiver 40 is roughly constituted by an 
antenna 1 1 , a receiving circuit 41 , a fast Fourier trans- 
formation circuit (FFT) 42, a random phase inverse shift 
circuit 43, a demodulation circuit 44, a slot coupling cir- 
cuit 15, a deinterleave buffer 16, and a Viterbi decoding 
circuit 17. The receiver 40 has almost the same consti- 
tution as the receiving circuit 10 shown in Fig. 3, except 
that the fast Fourier transformation circuit 42 and the 
random phase inverse shift circuit 43 are newly added 
instead of the transmission path estimating circuit 13 
and that the processing contents of the receiving circuit 
41 and demodulation circuit 44 are changed. 
[0060] First, the antenna 1 1 receives the transmission 
signal S27 transmitted from the transmitter 20, and this 
is input to the receiving circuit 41 as a received signal 
S11. The receiving circuit 41 amplifies the input 
received signal S31 and then performs a frequency 
transformation on the received signal S31, thereby tak- 
ing out a base band signal. The receiving circuit per- 
forms a filtering process on the base band signal and 
then performs an analog-to-digital conversion process 
on the base band signal, thereby taking out a received 
signal S32. This signal is output to the fast Fourier trans- 
formation circuit (FFT) 42. 

[0061] The fast Fourier transformation circuit 42 per- 
forms a window process on the input received signal 
S32, thereby taking out the signal components equiva- 
lent to the first time slot unit by an amount equivalent to 
a total of four time slot units. A Fourier transformation is 
performed on these signal components. With this, the 
fast Fourier transformation circuit 42 takes out the sym- 
bol data superposed on the phase differences between 
a plurality of subcarriers. The symbol data are output to 
the random phase inverse shift circuit 43 as a received 
signal S33. 

[0062] The random phase inverse shift circuit 43 
returns the phase state of the received signal S33 to the 
original state by employing the same phase value as the 
transmitting side, and outputs the resulting received sig- 
nal S34 to a subsequent demodulation circuit 44. 
[0063] The demodulation circuit 44 is constituted by a 
DQPSK demodulation circuit 45 and a weighting circuit 
46, and outputs the received signal S34 to both the 
DQPSK demodulation circuit 45 and the weighting cir- 
cuit 46. The DQPSK demodulation circuit 45, as with the 
transmitting side, performs the differential demodulation 
process in the frequency axis direction on the received 
signal S34 on which the differential modulation process 
in the frequency axis direction was performed, and also 
performs the differential demodulation process in the 
time axis direction on the received signal S34 on which 
the differential modulation process in the time axis 
direction was performed. This resulting received symbol 



535 is output to the weighting circuit 46. 

[0064] Here, the circuit constitution of the DQPSK 
demodulation circuit 45 will be described with Fig. 1 1 . 
The DQPSK demodulation circuit 45 is constituted by a 

5 differential demodulation circuit 51 and a QPSK demod- 
ulation circuit 52. The differential demodulation circuit 
51 inputs the received signal S34 delayed by one sym- 
bol, which is obtained through a delay circuit 53 from the 
input received signal S34, to a multiplier 56 through a 

io switch circuit 55 which is switched by a controller 54. By 
complex multiplying a value which is conjugate with the 
received signal S34 delayed by one symbol and the cur- 
rently input received signal S34 by the multiplier 56, the 
differential demodulation process in the frequency axis 

75 direction is performed to take out the received symbols 

536 equivalent to the first time slot unit from the 
received signal S34. The received symbols S36 are out- 
put to the QPSK demodulation circuit 52. 

[0065] The differential modulation circuit 51 also 

20 inputs the symbols of the received signal S34 of the first 
time slot unit prior to one transmission time, stored in 
the buffer 57, to the multiplier 56 one by one through the 
switch circuit 55. By complex multiplying the input sym- 
bol and each symbol of the currently input received sig- 

25 nal S34 of the second time slot unit, the differential 
demodulation process in the time axis direction is per- 
formed. The resulting received symbols S36 are output 
to the QPSK demodulation circuit 52. Furthermore, the 
differential demodulation circuit 51 likewise performs 

30 the differential demodulation process in the time axis 
direction on the third time slot unit and the time slot unit 
thereafter. The resulting received symbols S36 are out- 
put to the QPSK demodulation circuit 52. 
[0066] The QPSK demodulation circuit 52 performs a 

35 QPSK demodulation process on the received symbols 
S36 obtained by the differential demodulation proc- 
esses in the frequency axis and time axis directions. 
The resulting received symbols S35 are output to the 
weighting circuit 46. 

40 [0067] The weighting circuit 46 computes reliability in 
the data block (which is the data unit of communication 
data) for each data block, based on the received signal 
S34, and also computes a weighting coefficient accord- 
ing to the reliability. And the weighting circuit 46 multi- 

45 plies the weighting coefficient and the received symbol 
S35 together for each data block, thereby reflecting the 
data block reliability in the signal level of the received 
symbol S35. The resulting received symbols S37 are 
output to a slot coupling circuit 15. 

so [0068] In this case, the weighting circuit 46 computes 
a mean value for computing reliability in a data block 
unit based on a large amount of sample data, whereby 
an error in the reliability can be reduced. Therefore, a 
weighting coefficient can be computed more accurately. 

55 [0069] The slot coupling circuit 15 is one which cou- 
ples symbols S37 separately received in a data block 
unit so that they become a series signal. If the received 
symbols S37 are accumulated by an amount corre- 
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sponding to the storage capacity of the deinterleave 
buffer 16 of the latter stage, then the received symbols 
S37 will be coupled together. The coupled received 
symbol group S38 is output to the deinterleave buffer 
16. 5 
[0070] The deinterleave buffer 16 has a storage 
capacity equivalent to a plurality of slots. The deinter- 
leave buffer 16 stores the received symbol group S38 in 
its internal storage region in sequence and then rear- 
range the order of the received symbol group S38 in the io 
order opposite the rearrangement made by the inter- 
leave buffer 3 of the transmitter 20, thereby returning 
the arrangement to the original order. The resulting data 
bit stream S39 is output to a Viterbi decoding circuit 17. 
[0071] The Viterbi decoding circuit 17 consists of a is 
soft judgment Viterbi decoding circuit. The Viterbi 
decoding circuit 17 performs maximum likelihood esti- 
mation on the input data bit stream S39, thereby restor- 
ing a data bit series 40 transmitted from the transmitting 
side. In this case, the weighting circuit 46 of the first 20 
stage has computed data block reliability and multiplied 
the received symbol S35 and a weighting coefficient 
representing the data block reliability. For this reason, 
the data bit stream 39 input to the Viterbi decoding cir- 
cuit 17 has a signal level corresponding to the data 25 
block reliability. 

[0072] Therefore, even in the case where communica- 
tion quality differs from data block to data block, if the 
data bit stream S39 with a signal level in which the com- 
munication quality is reflected by reliability is input to the 30 
Viterbi decoding circuit 1 7, then the Viterbi decoding cir- 
cuit*. 17 will perform maximum likelihood estimation 
based on reliability of each slot. Therefore, the Viterbi 
decoding circuit 17 performs maximum likelihood esti- 
mation even more accurately and is able to restore the 35 
data bit series S40 even more accurately. 

(4) Operation and Advantages 

[0073] In the aforementioned constitution, the trans- ao 
mitter 20 performs transmission by implementing both 
the differential modulation process in the frequency axis 
direction which is robust to the influence of flat fading or 
frequency-selective fading caused by time variations 
during high-speed movement and the differential modu- 45 
lation in the time axis direction which is robust to the 
influence of frequency-selective fading caused by 
delayed waveforms, at a ratio predetermined within one 
data block. At this time, the transmitter 20 can super- 
pose symbol data on the phase differences in the fre- so 
quency axis and time axis directions between 
subcarriers, whereby the transmission efficiency of 
communication data can be raised as the entire data 
block. 

[0074] With this, even in the case where the influence ss 
of frequency-selective fading caused by delayed wave- 
forms is large or the case where the influence of fading 
caused by time variations during high-speed movement, 



if the differential modulation processes in the frequency 
axis and time axis directions are performed at a prede- 
termined ratio according to the communication environ- 
ment being used, the transmitter 20 can efficiently 
reduce data degradation resulting from fading caused 
on the transmission path. 

[0075] Also, in the transmitter 20, in actual fact the dif- 
ferential modulation process in the frequency axis direc- 
tion is performed on the first time slot unit of the data 
block, while the differential modulation process in the 
time axis direction is performed on the second time slot 
unit and the time slot units thereafter. Therefore, as in 
the case where the differential modulation process in 
the time axis direction is performed on the entire data 
block, all subcarriers in the first time slot unit are 
employed as reference carriers for the subcarriers in the 
second time slot unit, and in addition to this, the symbol 
data can also be superposed on the phase differences 
in the frequency axis direction between the subcarriers 
in the first time slot unit. Therefore, more symbol data 
can be transmitted as a whole of one data block. 
[0076] Furthermore, in the transmitter 20, in actual 
fact a symbol with phase 0 and amplitude 1 (which has 
no meaning as symbol data) is allocated to the refer- 
ence carrier CO in the first time slot unit, and based on 
this symbol with phase 0 and amplitude 1 . symbol data 
is superposed on the phase difference with the symbol 
of the subcarrier C adjacent in the frequency direction. 
Also, symbol data is superposed on the phase differ- 
ence in the time axis direction between the reference 
carrier CO and the symbol of the subcarrier C192 in the 
second time slot unit. Therefore, if an unnecessary 
phase rotation occurs due to noise added to the symbol 
of the reference carrier CO, then an unnecessary phase 
offset will occur between adjacent subcarrier C1 and 
symbol of the subcarrier C192 and therefore data deg- 
radation will occur when the differential modulation 
process is performed. 

[0077] However, symbol data is superposed on the 
phase difference, so even if an unnecessary phase rota- 
tion occurs due to noise added to the symbol of the ref- 
erence carrier CO, the subcarrier CI and the symbol of 
the subcarrier C192 can be employed as a subsequent 
reference carrier if no phase rotation occurs between 
the subcarrier C1 and the symbol of the subcarrier 
C192. 

[0078] Therefore, as in the present invention, in the 
case where a differential modulation method of super- 
posing symbol data on a phase difference is employed, 
when the symbol of the reference carrier CO is influ- 
enced by noise, etc., only the symbol data, superposed 
on the phase differences between the symbol of the ref- 
erence carrier CO and the symbols of the adjacent sub- 
carriers C1 and CI 92, are influenced and therefore data 
degradation will occur. Since the other symbol data are 
not subjected to the influence, data degradation can be 
reduced accordingly. 

[0079] In addition, the receiver 40 receives the trans- 
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mission signal S27 on which the differential modulation 
processes in the frequency axis and time axis directions 
were performed at a predetermined ratio according to 
communication environment, so that reception can be 
performed while in the state in which data degradation 5 
occurring on the transmission path has been reduced. 
By performing the differential demodulation process in 
the frequency axis direction on the received signal S34 
on which the differential modulation process in the fre- 
quency axis direction was performed at the transmitting 7 o 
side and also by performing the differential demodula- 
tion process in the time axis direction on the received 
signal S34 on which the differential modulation process 
in the time axis direction was performed, symbol data 
are restored. With this, the data bit series S40 can be 75 
restored more accurately 

[0080] Furthermore, in the receiver 40, by computing 
a weighting coefficient in order to reflect reliability in 
communication quality for every data block and then 
multiplying the weighting coefficient and the received 20 
symbol S35, even in the case where communication 
quality differs from data block to data block, the commu- 
nication quality is reflected in the signal level by reliabil- 
ity, so that the data bit series S40 can be restored even 
more accurately because of the addition of reliability for 25 
every data block. 

[0081] According to the aforementioned constitution, 
both the differential modulation process in the fre- 
quency axis direction and the differential modulation 
process in the time axis direction are performed within 30 
one data block at a predetermined ratio according to 
communication environment at the transmitting side. 
With this, the influence of fading caused by the trans- 
mission path can be reduced according to communica- 
tion environment. Accordingly, a transmission signal in a 35 
state of less data degradation can be efficiently trans- 
mitted. At the receiving side, the original data bit series 
can be restored more accurately by performing the dif- 
ferential demodulation processes in the frequency axis 
and time axis directions in the same manner as the 40 
transmitting side. 

(5) Another Embodiment 

[0082] In the above-mentioned embodiment, while it <s 
has been described that the differential modulation 
process in the frequency axis direction is performed on 
the first time slot unit, the present invention is not limited 
to this but the differential modulation process in the fre- 
quency axis direction can be performed on any time slot so 
unit. 

[0083] Also, in the above-mentioned embodiment, 
while it has been described that the data block, which 
consists of four time slot units in time axis direction each 
constituting a band slot unit consisting of 192 subcarri- 55 
ers arranged in the frequency axis direction, is consti- 
tuted as a data unit, the present invention is not limited 
to this but the data block can be constituted by various 



numbers of subcarriers and time slot units. 
[0084] Furthermore, in the above-mentioned embodi- 
ment, while it has been described that the differential 
modulation process in the frequency axis direction is 
performed on the first time slot unit and that the differen- 
tial modulation process in the time axis direction is per- 
formed on the second through the fourth time slot units, 
the present invention is not limited to this. As shown in 
Fig. 12, the differential modulation process in the fre- 
quency axis direction and the differential modulation 
process in the time axis direction can be alternately per- 
formed. Thus, modulation patterns consisting of various 
combinations may be employed. 

[0085] In this case, the differential modulation proc- 
esses in the frequency axis direction and in the time 
axis direction are alternately performed. Even under 
communication environment where only waveforms 
delayed by the multipath occur or communication envi- 
ronment which is used only at the time of high-speed 
movement, half of data can be restored without degra- 
dation. In addition, in the mobile station and base sta- 
tion of a cellular system, if a differential modulation 
process is performed using the same modulation pat- 
tern, this modulation pattern can be employed as a 
cryptograph and therefore secrecy can be enhanced. 
[0086] Furthermore, in the above-mentioned embodi- 
ment, although it has been described that weighting is 
performed in the unit of a data block, the present inven- 
tion is not limited to this. In the communication environ- 
ment where communication data and voice data exist 
within the same cell, weighting can be performed in the 
unit of a slot (24 subcarriers) which is the data unit of 
voice data. Even in the communication environment 
where only communication data is transmitted and 
received within the same cell, when the characteristic of 
frequency-selective fading describes a gentle curve 
which does not considerably change as the entire data 
block, weighting can be finely performed in the unit of 
one slot which is the minimum unit of the data block. 
[0087] Moreover, in the above-mentioned embodi- 
ment, although it has been described that a DQPSK 
modulation process is performed by the DQPSK modu- 
lation circuit 21 (modulation means) and that the trans- 
mission signal S27 is generated and transmitted by the 
FFT circuit 22 and transmitting circuit 7 (transmission 
means), the present invention is not limited to this. Mod- 
ulation means employing various modulation methods, 
such as 8PSK or 16PSK, can be employed, so long as 
they are a method of superposing symbol data on a 
phase difference. 

[0088] As described above, in the present invention, 
by implementing at the transmitting side both the differ- 
ential modulation process in the frequency axis direc- 
tion having a characteristic robust to fading caused by 
time variations at the time of high-speed movement and 
the differential modulation process in the time axis 
direction having a characteristic robust to fading caused 
by waveforms delayed due to the multipath, even in the 
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case where fading results from time variations at the Claims 
time of high-speed movement or from waveforms 
delayed due to the multipath during transmission, data 
degradation caused by the fading can be reduced 
because transmission is performed after the differential 5 
modulation processes having respective characteristics 
have been implemented. Thus, at the receiving side, 
communication data can be accurately restored by 
implementing differential demodulation processes in the 
frequency axis and time axis directions as in the trans- w 
mitting side. Therefore, such a data communication 
method can be realized according to the present inven- 
tion. 

[0089] Also, in accordance with the present invention, 
by implementing both the differential modulation proc- 
ess in the frequency axis direction having a characteris- 
tic robust to fading caused by time variations at the time 
of high-speed movement and the differential modulation 
process in the time axis direction having a characteristic 
robust to fading caused by waveforms delayed due to 
the multipath, even in the case where fading results 
from time variations at the time of high-speed move- 
ment or from waveforms delayed due to the multipath 
during transmission, data degradation caused by the 
fading can be reduced because transmission is per- 
formed after the differential modulation processes hav- 
ing respective characteristics have been implemented. 
Therefore, such a transmitter can be realized according 
to the present invention. 

[0090] Furthermore, in accordance with the present 
invention, by implementing at the mobile station both 
the differential modulation process in the frequency axis 
direction having a characteristic robust to fading caused 
by time variations at the time of high-speed movement 
and the differential modulation process in the time axis 
direction having a characteristic robust to fading caused 
by waveforms delayed due to the multipath, even in the 
case where fading results from time variations at the 
time of high-speed movement or from waveforms 
delayed due to the multipath during transmission, data 
degradation caused by the fading can be reduced 
because transmission is performed after the differential 
modulation processes having respective characteristics 
have been implemented. Thus, at the base station, 
communication data can be accurately restored by 
implementing differential demodulation processes in the 
frequency axis and time axis directions as in the mobile 
station. Therefore, such a cellular radio communication 
system can be realized according to the present inven- 
tion. 

[0091] While there has been described in connection 
with the preferred embodiments of the invention, it will 
be obvious to those skilled in the art that various 
changes and modifications may be aimed, therefore, to 
cover in the appended claims all such changes and 55 
modifications as fall within the true spirit and scope of 
the invention. 
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A data transmitting method which transmits com- 
munication data by using a plurality of subcarriers 
arranged within a predetermined frequency width, 
said data transmitting method wherein 

a data block consisting of said plurality of sub- 
carriers arranged in rows in a time axis direc- 
tion is used as a data unit when said 
communication data is transmitted, and both a 
differential modulation process (21) based on 
each phase difference in a frequency axis 
direction between said plurality of subcarriers 
and a differential modulation process (21) 
based on each phase difference in the time 
axis direction between said plurality of subcar- 
riers are implemented, whereby a transmission 
signal that symbol data of said communication 
data are superposed on each phase difference 
between said plurality of subcarriers is gener- 
ated and output. 

The data transmitting method according to claim 1 , 
wherein the ratio that said differential modulation 
process (21) in the frequency axis direction and 
said differential modulation process in the time axis 
direction are implemented is arbitrarily set accord- 
ing to communication environment. 

The data transmitting method according to claim 1 
or 2, wherein said differential modulation process 
(21) based on each phase difference in the fre- 
quency axis direction between said plurality of sub- 
carriers is first implemented and then said 
differential modulation process based on each 
phase difference in the time axis direction is imple- 
mented. 

A data receiving method which receives communi- 
cation data transmitted by using a plurality of sub- 
carriers arranged within a predetermined frequency 
width, said data receiving method wherein 

a data block consisting of said plurality of sub- 
carriers arranged in rows in a time axis direc- 
tion is used as a data unit when said 
communication data is transmitted, and both a 
differential modulation process (21) based on 
each phase difference in a frequency axis 
direction between said plurality of subcarriers 
and a differential modulation process based on 
each phase difference in the time axis direction 
between said plurality of subcarriers are imple- 
mented, whereby a transmission signal that 
symbol data of said communication data are 
superposed on each phase difference between 
said plurality of subcarriers is received; and dif- 
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ferential demodulation processes based on 
each phase difference in the frequency axis 
and time axis directions are implemented on 
said received signal, whereby said symbol data 
superposed on each phase difference between 5 
said plurality of subcarriers are demodulated 
and said communication data are restored. 

5. The data receiving method according to claim 4, 
wherein the ratio that said differential modulation 10 
process in the frequency axis direction and said dif- 
ferential modulation process in the time axis direc- 
tion are implemented is arbitrarily set according to 
communication environment, so as to generate 
said transmission signal. is 

6. The data receiving method according to claim 4 or 
5, wherein said differential modulation process 
based on each phase difference in the frequency 
axis direction between said plurality of subcarriers 20 
is first implemented and then said differential mod- 
ulation process based on each phase difference in 

the time axis direction is implemented, so as to gen- 
erate said transmission signal. 

25 

7. A data transmitter which transmits communication 
data by using a plurality of subcarriers arranged 
within a predetermined frequency width, said data 
transmitter comprising: 

30 

modulating means (21), which uses a data 
block consisting of a plurality of subcarriers 
arranged in rows in a time axis direction as a 
data unit when said communication data is 
transmitted, for implementing both a differential 35 
modulation process based on each phase dif- 
ference in a frequency axis direction between 
said plurality of subcarriers and a differential 
modulation process based on each phase dif- 
ference in the time axis direction between said <o 
plurality of subcarriers, whereby a transmission 
signal that symbol data of said communication 
data are superposed on each phase difference 
between said plurality of subcarriers is gener- 
ated; and 45 
transmitting means (7) for transmitting said 
transmission signal through a predetermined 
frequency channel 

8. The data transmitter according to claim 7, wherein so 
said modulating means (21) implements the differ- 
ential modulation process in the frequency axis 
direction and the differential modulation process in 

the time axis direction with a predetermined ratio 
according to communication environment. 55 

9. The data transmitter according to claim 7 or 8, 
wherein said modulating means implements thedif- 
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lerential modulation process based on each phase 
difference in the frequency axis direction between 
said plurality of subcarriers first, and then imple- 
ments the differential modulation process based on 
each phase difference in the time axis direction. 

1 0. A data receiver which receives communication data 
transmitted by using a plurality of subcarriers 
arranged within a predetermined frequency width, 
said data receiver comprising: 

receiving means (41), which uses a data block 
consisting of said plurality of subcarriers 
arranged in rows in a time axis direction as a 
data unit when said communication data is 
transmitted, for implementing both a differential 
modulation process based on each phase dif- 
ference in a frequency axis direction between 
said plurality of subcarriers and a differential 
modulation process based on each phase dif- 
ference in the time axis direction between said 
plurality of subcarriers, whereby a transmission 
signal that symbol data of said communication 
data are superposed on each phase difference 
between said plurality of subcarriers is 
received; and 

demodulating means (45)for implementing dif- 
ferential demodulation processes based on 
each phase difference in the frequency axis 
and time axis directions on said received signal 
received by said receiving means, whereby 
said symbol data superposed on each phase 
difference between said plurality of subcarriers 
are demodulated and said communication data 
is restored. 

11. The data receiver according to claim 10, wherein 
the ratio that said differential modulation process 
(45) in the frequency axis direction and said differ- 
ential modulation process in the time axis direction 
are implemented is arbitrarily set according to com- 
munication environment, so as to generate said 
transmission signal. 

12. The data receiver according to claim 10 or 11, 
wherein said differential modulation process based 
on each phase difference in the frequency axis 
direction between said plurality of subcarriers is first 
implemented and then said differential modulation 
process based on each phase difference in the time 
axis direction is implemented, so as to generate 
said transmission signal. 

13. A cellular radio communication system in which a 
predetermined area is segmented into cells with a 
predetermined size, then a base station is deployed 
in each of the cells, and a mobile station communi- 
cates communication data with said base station 
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where that mobile station exists, said cellular radio 
communication system wherein at said mobile sta- 
tion, a data block consisting of a plurality of subcar- 
riers arranged in rows in a time axis direction is 
used as a data unit when said communication data 5 
is transmitted, and both a differential modulation 
process based on each phase difference in the fre- 
quency axis direction between said plurality of sub- 
carriers and a differential modulation process 
• based on each phase difference in the time axis 70 
direction between said plurality of subcarriers are 
implemented, whereby a transmission signal that 
symbol data of said communication data are super- 
posed on each phase difference between said plu- 
rality ol subcarriers is generated and output; at said 15 
base station, said transmission signal is received, 
and differential demodulation processes in the fre- 
quency axis and time axis directions are imple- 
mented on said received signal, whereby said 
symbol data superposed on each phase difference 20 
between said plurality of subcarriers are demodu- 
lated and said communication data is restored. 

4. The cellular radio communication system according 

to claim 13, wherein said mobile station arbitrarily 25 
sets the ratio that the differential modulation proc- 
ess in the frequency axis direction and the differen- 
tial modulation process in the time axis direction are 
implemented according to communication environ- 
ment. 30 

5. The cellular radio communication system according 
to claim 13 or 14, wherein said mobile station imple- 
ments the differential modulation process based on 
each phase difference in the frequency axis direc- 35 
tion between said plurality of subcarriers first, and 
then implements the differential modulation proc- 
ess based on each phase difference in the time axis 
direction. 
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